ABSTRACT: Cocculiniform limpets live mostly in aphotic zones of deep-sea areas. In this environment, rather poor in organic nutrients, they have specialized in utilizing different odd food sources. The paper presents the list of all species included in the superfamilies Cocculinoidea Dall, 1882 and Lepetelloidea Dall, 1882. Data on their habitat, food preferences and distribution are included. Adaptive features in cocculiniform limpets that permit them to assimilate organic nutrients of various origin are also discussed. It is suggested that some expanded parts in their alimentary tracts may be used as "fermentative chambers" in which symbiotic bacteria could change the unassimilable food particles into simple compounds absorbed by limpets.
FOOD PREFERENCES IN COCCULINIFORM LIMPETS
Cocculinidae and Pseudococculinidae feed on wood which has sunk to the ocean floor (HASZ-PRUNAR 1988ab, MARSHALL 1986 , MOSKALEV 1976 , WOLFF 1979 . Although it is not excluded that they eat directly wood (maybe due to contamination with symbiotic bacteria which digest cellulose), probably their food consists of different microorganisms which decompose plant remains (MARSHALL 1986) . Bathyphytophilidae also eat plants, such as algal holdfasts and seagrass (MOSKALEV 1978 , WOLFF 1976 . Lepetellidae are found on empty polychaete tubes (DALL 1882a , 1889a , MOSKALEV 1976 , 1978 , VERRILL 1880 . It is again disputable whether the tubes themselves, or microorganisms living on them are the nourishment for lepetellids. Bathysciadiidae feed on chitinous beaks of dead cephalopods (DALL 1908 , DAUTZENBERG & FISCHER 1899 , MOSKALEV 1973 . The same source of food is used by cocculinid Teuthirostria cancellata (MOSKALEV 1976) and addisoniid Helicopelta rostricola (MARSHALL 1996) . Furthermore, Cocculinellidae derive their nourishment from decaying fish bones (HASZ-PRUNAR 1988c , MARSHALL 1983 . On the other hand, whale skeletons have become food for Osteopeltidae (MARSHALL 1987) although some representatives of Cocculinidae (e.g. Cocculina craigsmithi) and Pyropeltidae (e. g. Pyropelta wakefieldi) may be also found on decaying whale bones and vertebrae (MARSHALL 1994 , MCLEAN 1992a . This latter family is included in the hydrothermal vent fauna, i.e. animal communities connected with chemoautotrophic primary production of this unique ecosystem (LESICKI 1998) . Addisoniidae and Choristellidae (as well as pseudococculinid Tentaoculus balantiophaga) have been found exclusively in empty egg cases of sharks and skates (MARSHALL 1996 , MCLEAN 1985 , VERRILL 1882 , VILLA 1985 . Two other pseudococculinids of the genus Tentaoculus (T. lithodicola and T. neolithodicola) live on carapaces of living deep-sea crabs of the family Lithodidae (MARSHALL 1986) . A bathysciadiidlike limpet feeds on the periostracum of a gastropod of the genus Capulus (WARÉN 1993) . Pyropelta bohlei was also found attached to the shell of Bathyacmaea jonassoni (BECK 1996) .
The substrata used by cocculinoid and lepetelloid gastropods as sources of their food are built of unassimilable substances. Wood is built of cellulose, cephalopod beaks are composed of chitin. Both are large, filamentous polysaccharides. Egg cases of elasmobranch fish comprise a fibrous protein, collagen. Gastropod periostracum is also built of fibrous proteins. Animals usually do not secrete their own enzymes which could digest such molecules. Only bacteria can produce appropriate enzymes. MARSHALL (1986) suggested that the cocculiniform limpets feed on bacteria which are associated with their biogenic substrata, rather than directly on the substrata. It is an open question if the cocculiniform limpets consume bacteria living free on the substrata or if they harbour symbiotic bacteria in their alimentary tracts. Although particular families specialize in characteristic nutrition sources, there are some exceptions. Teuthirostria cancellata feeds on cephalopod beaks (MOSKA-LEV 1976 ) (the other cocculinids feed on wood), so does Helicopelta rostricola (MARSHALL 1996) (the other addisoniid limpets prefer elasmobranch egg cases). Pyropelta corymba and P. musaica probably feed on chemoautotrophic bacteria living on sulphide crust at hydrothermal vents (MCLEAN & HASZPRUNAR 1987) but they have also been collected from whale skulls (MCLEAN 1992a) . Coccopigya spinigera usually consumes wood, like the other cocculinid limpets, but it was found on a whale skull, too (WARÉN 1991 ). Another cocculinid limpet, Paracocculina cervae, was usually collected from deep-sunken wood or algal holdfasts (HASZPRUNAR 1987a , MARSHALL 1986 ) but MAR-SHALL (1994) noted its occurrence on whale bones. Such exceptional cases have led WARÉN (1996b) to a conclusion that many deep-sea limpets can live on a "second choice" substratum when the first is not available. Such a conclusion would be in agreement with the hypothesis that these limpets feed on free-living bacteria. However, it seems that the hypothesis of symbiotic bacteria in the alimentary tract of cocculiniform gastropods is more probable. Several authors noted substratum debris observed in the digestive tracts (HASZPRUNAR 1987ab, 1988b , HASZPRUNAR & MCLEAN 1996 , SIMONE 1996 . The actual consumption of the odd substrata may be also evidenced by the very diverse radular structures in particular families, suggesting adaptive differentiation (HICKMAN 1983) and by differences of the alimentary tract anatomy in these families (HASZPRUNAR 1987ab, 1988abc, 1992ab, HASZPRUNAR & MCLEAN 1996 . HASZPRUNAR (1988a) suggested that the alimentary tract of the families feeding on wood, that is Cocculinidae and Pseudococculinidae, represents the most primitive organization. Strongly cuticularized epithelium of some stomach part, creating a so called gastric shield, may be used for mechanical crushing of hard food before it is digested by bacteria in the long intestine coiled in three loops (a long intestine is usually characteristic for plant consumers). The specialization of the other cocculiniform families to other food sources is reflected in serious modifications of their alimentary tracts. Polysaccharide (chitin) consumers, such as bathysciadiids, have a very large stomach but they have lost their midgut gland, which has been replaced with a greatly expanded oesophageal gland. A very large stomach is also characteristic for bathyphytophilids (HASZPRUNAR & MCLEAN 1996) . On the other hand, fibrous protein diet resulted in progressive reduction of the stomach, observed in cocculinellids and addisoniids (members of the latter family have no stomach at all) (HASZPRUNAR 1987b (HASZPRUNAR , 1988 . It appears that, instead of stomach, addisoniid limpets have an extremely large intestinal sac which occupies about two thirds of the animal's body (HASZPRUNAR 1987b) . Although Haszprunar initially reported a lack of stomach in choristellids and a similarity of their alimentary tract anatomy to that of addisoniids (HASZ-PRUNAR 1988a), later he described a very large, highly modified stomach for this family (HASZPRUNAR 1992ab) . Nevertheless it may be said that in all cocculiniform gastropods there is some expanded chamber in their alimentary tracts. It is suggested here that such chambers may be used as "fermentative chambers" in which symbiotic bacteria could change the unassimilable food particles into simple compounds absorbed by limpets. However, further physiological studies are desperately needed to explain the details of digestive processes in cocculinoid and lepetelloid gastropods.
MARSHALL (1996) noticed that decaying beaks, egg cases, bones, wood and algal holdfasts are generally rare at the sea-floor. This raises a further unanswered question: how can the limpets find their food? The development of these gastropods is unknown. Their larvae are probably lecithotrophic and may be dispersed by bottom currents (MARSHALL 1986 ). The chemoreception-based recognition of the food substrata may be only speculated upon.
RECENT KNOWLEDGE OF COCCULINIFORM LIMPETS
During the last 25 years our knowledge of the snails of the superfamilies Cocculinoidea and Lepetelloidea has been seriously increased. Studies initiated by MOSKALEV in the seventies (1971, 1973, 1976, 1978) and continued in the eighties and nineties by HASZPRUNAR (1987ab, 1988abc, 1992ab, 1996 , MAR-SHALL (1983, 1986, 1987, 1994, 1996) , MCLEAN (1985 MCLEAN ( , 1988 MCLEAN ( , 1991 and WARÉN (1989 WARÉN ( , 1991 WARÉN ( , 1993 have brought not only the discovery and description of several new species. As a result of the detailed comparative anatomical studies, they have revealed relationships between them. It has also been possible to revise descriptions of earlier discovered species as well as to improve the system introduced on the turn of the 19th century (DALL 1882ab, 1889ab, 1896 , DAUTZENBERG 1886 , 1889 , THIELE 1908 , 1909 , 1929 , VERRILL 1880 , 1882 , 1884 . The recent discoveries throw some new light on the problems of the gastropod origin, especially on the role of limpet-shelled forms in the gastropod evolution (HASZPRUNAR 1988ab, 1992ab, HASZPRUNAR & MCLEAN 1996 , HICKMAN 1983 , MARSHALL 1996 . The papers published during the last three years (BECK 1996 , HASEGAWA 1997 , HASZPRUNAR & MCLEAN 1996 , LEAL 1996 , MARSHALL 1996 , MCLEAN & HARASEWYCH 1995 , SIMONE 1996 ) contain descriptions of 17 new species (further 8 have been discovered but not named yet), redescription and reclassification of another 22 species, establishment of a new genus and a new subfamily. Descriptions of further species are being prepared (MARSHALL, LEAL, MCLEAN -personal communication) . This is a proof that this gastropod group still inspires new research. Therefore it seems reasonable to compile in one paper all information on the species included in the superfamilies Cocculinoidea and Lepetelloidea, as well as all data on their habitat, food preferences and distribution areas. The checklist should also give a detailed bibliography of both superfamilies.
CHECKLIST OF COCCULINIFORM LIMPET SPECIES
Superfamily: C o c c u l i n o i d e a Dall, 1882(a) (Thiele, 1909 Dall, 1908 (east Pacific: off West America) "Cocculina" dofleini Thiele, 1925 (Indo-Pacific) Cocculina emsoni McLean et Harasewych, 1995 (northwestern Atlantic: off Southwest Reef, New Providence Island, Bahamas; 518 m; on palmetto fronds) "Cocculina" fragilis Thiele, 1925 (western Indian Ocean: Zanzibar Channel, E. Africa) "Cocculina" japonica Dall, 1908 (northwestern Pacific: off Japan) "Cocculina" japonica uncinata Kuroda et Habe, 1949 (northwestern Pacific: off Japan) "Cocculina" leptoglypta Dautzenberg et Fischer, 1897 (Atlantic: off Azores; 1550 m) (DANTART & LUQUE 1994) Cocculina messingi McLean et Harasewych, 1995 (northwestern Atlantic: south of Settlement Point, Grand Bahama Island; 412 m; on wood) "Cocculina" nassa Dall, 1908 (equatorial eastern Pacific) "Cocculina" oblonga Schepman, 1908 (Indo-Pacific) Cocculina ovata Schepman, 1908 (Indo-Pacific: Saleh Bay, north coast of Sumbawa Island, Indonesia; 274 m; Philippines; 187-210 m) (HASZPRUNAR 1987a , MCLEAN 1987 Schepman, 1908 (Indo-Pacific) "Cocculina" subcompressa Schepman, 1908 =? "Cocculina" nipponica Kuroda et Habe, 1949 (northwestern Pacific: off Japan) "Cocculina" subquadrata Schepman, 1908 (Indo-Pacific) Cocculina surugaensis Hasegawa, 1997 ( Fig. 1 Clarke, 1961 probably in Trenchia Knudsen, 1964 , Skeneidae Clark, 1851 (MCLEAN 1992b ) Choristes agulhasae argentinae Clarke, 1961 probably in Trenchia Knudsen, 1964 , Skeneidae Clark, 1851 (MCLEAN 1992b ) Choristes carpenteri Dall, 1896 should be placed in Naticidae Forbes, 1838 (MCLEAN 1992b) Choristes coani Marincovich, 1975 should be placed in Naticidae Forbes, 1838 (MCLEAN 1992b) Choristes elegans Carpenter in Dawson, 1872 is synonym of naticid Amauropsis islandica (Gmelin, 1791) (MCLEAN 1992b) Choristes mollis Okutani, 1964 probably in Granigyra Dall, 1889 , Skeneidae Clark, 1851 (MCLEAN 1992b ) Choristes nipponica Okutani, 1964 should be excluded from Choristellidae (MCLEAN 1992b) Cintha naticiformis Jeffreys, 1883(b) probably in Trenchia Knudsen, 1964 , Skeneidae Clark, 1851 (MCLEAN 1992b recently to Xyloskenea Marshall, 1988, Skeneidae Clark, 1851 (WARÉN 1996a) Cyclostrema pompholyx Dall, 1889(a) should be not referred to Choristellidae (MCLEAN 1992b) Cyclostrema valvatoides Jeffreys, 1883(b) probably in Skeneidae Clark, 1851 (MCLEAN 1992b) Family: COCCULINELLIDAE Moskalev, 1971 Genus: Cocculinella Thiele, 1909 (type species: Acmaea minutissima E. A. Smith, 1904 ) Cocculinella coercita (Hedley, 1907) Marshall, 1983 (southwestern Pacific: Whangaroa Harbour, New Zealand; 13 m; on bone) Cocculinella salisburyensis Ludbrook, 1956 (Pliocene, South Australia) doubtfully referable to the genus, probably belongs to Lepetellidae Dall, 1882(a) Schepman, 1908 (Indo-Pacific: off Indonesia) Pseudococculina granulata Schepman, 1908 (Indian Ocean) Pseudococculina gregaria Marshall, 1986 (southwestern Pacific: off Southern New Zealand and New South Wales; 384-891 m; on wood) (HASZPRUNAR 1988b) "Pseudococculina" rosea Habe, 1952 (northwestern Pacific: off Japan) status not confirmed by recent anatomical studies Pseudococculina rugosoplicata Schepman, 1908 (eastern Indian Ocean: Sunda Sea, Indonesia, 2798 m) Pseudococculina subcingulata (Kuroda et Habe, 1949) (Cocculina) (Fig. 5, 6 Marshall, 1986 (early Miocene, Pakaurangi Point, Kaipara, New Zealand) Notocrater ponderi Marshall, 1986 (southwestern Pacific: off New South Wales; 165-84 m; on wood) (HASZPRUNAR 1988b) Notocrater pustulosa (Thiele, 1925) (Cocculina) (Fig. 7) = Punctolepeta minuta Habe, 1958 (northwestern Pacific: off Japan) (HASEGAWA 1997 , MARSHALL 1986 ) Notocrater pustulosa (Woodring, 1928 non Thiele, 1925 
